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Summary

This algorithmtheoreticalbasisdocument(ATBD) presentsand discusseshe Landsatderived
Global Rainfedand IrrigatedareaProduct@ 30m (LGRIP30) for the nominalyear 2015. The
LGRIP30productwasevaluatedor accuraciesgrrors,anduncertaintiesTheresultingerrorma-

trix showedanoverallaccuracyof 86.5%.Theirrigatedclasshasap r o d uaccerac{pf86.7%

andu s eacdurmcyof 84.3%.Therainfedclasshasap r o d uaccarac§os86.3%andu s er 6 s
accuracyof 88.4%.



Abstract

Climatevariability andballooningpopulationsare puttingunprecedentedressureon agricdtural
croplandsandtheir wateruse,which arevital for ensuringglobal food andwatersecurityin the
twenty-first century.In addition,the COVID-19 pandemicmilitary conflicts,andchangingdiets
haveaddedto loomingglobal food insecurity. Therefoe, thereis a critical needto producecon-
sistentand accurateglobal croplandproductsat fine spatialresolution(e.g.,farm-scale,30m or
better) whicharegeneratedonsistentlyaccuratelyandroutinely(e.g.,everyyear).In thisregard,
earlier we producedthe w o r | ficstbLandsatderived global croplandextentproduct@ 30m
(GCEP30)(Thenkabailet al., 2023, download@ LP DAAC) fundedby NASA MEaSUREsand
USGS.Thehighimpactof our previouslyfundedNASAGFSADproductssuchasLandsatderived
global croplandextentproduct@30mor GCEP3(Q 1kmcroplanddominanceand 1kmirrigated
versusrainfed is demonstratedby the useof thesedata by 126 countriesduring 20182021 (97
countriesin 2021aloneg 72 countriesin 2022alone), continued averagedownloadsverymonth
byabout20 countries publicationof 12 keypeerreviewedarticleswhichalreadyhaveabout1500
citationsin a shorttime-period (201 7#present) and usefor a wide rangeof applications There-
fore,the overarching goal of this continuity globalfood securitysupportanalysisdata(GFSAD)
projectis to developcomprehensivelataandproductsin supportglobalfood andwatersecurity
in thetwenty-first Century.Thisis achievedy developingcroplandmodels maps andmonitoring
toolsleadingto awide arrayof productsusingmachindearningalgorithms(MLAS), satellitesen-
sorbasedig-dataanalytics andcloud-computing. We focuson producingthreedistinctLandsat
derivedglobalcroplandproductsn this new GFSAD project

1. GlobalRainfedandlrrigatedProduct@ 30m(LGRIP30).

2. GlobalCroppingintensityProduct@ 30m (LGCIP30)&

3. GlobalCropTypeProducs @ 30m(LGCTY30)

Thisalgorithmtheoreticabasisdocumen{ATBD) presentanddiscussed andsatderivedGlobal

RainfedandIrrigatedareaProduct@ 30m (LGRIP30)for the nominalyear2015.The LGRIP30
croplandproductwasgeneratedising Landsat8 time-seriesdata,multiple supervisedandunsu-
pervisedMachinelearningalgorithms(MLAs) suchasrandomforest, supportvector machines,
decisiontrees,ISOCLASSclustering,and spectralmatchingtechniques(e.g., Thenkabailet al.,

2021,0liphantetal., 2019, Teluguntlaet al., 2018,2015, Xiong et al., 2017a,Thenkabailet al.,

2012,2009,2007,2005) asoutlinedin the methodssection,utilizing the Google Earth Engine
(GEE) andor othercloudplatforms.

All crop productswere evaluatedor accuracieserrors,anduncertaintiesisingindependentia-
taset.The resultingerror matrix showedan overall accuracyof 86.5%.The irrigated classhasa
pr od uaccnadyo$ 86.7% (errorsof omissionsof = 13.3%)andu s e acéusacyof 84.3%
(errorsof commissions= 15.7%).Therainfedclasshasap r o d uaccerac{ps86.3%(errorsof
omissionsof = 13.7%)and u s e acéusacyof 88.4% (errors of commissions= 11.6%). The
LGRIP30determinedotal global netirrigatedarea(TGNIA) of 1,802,929,00$ectaregor 1.80
billion hectare®r Bha)of croplandsof which 1,087,185,10%ectare¢1.09Bha)wasrainfedand
therest715,743,89Mectare$0.71Bha)wasirrigated.Thedatais releasedhroughN A S Al@arsd
ProcesseBistributedActive Archive Center(LP DAAC):

DOI: https://doi.org/10.5067/Community/LGRIP/LGRIP30.00

The LGRIP30productcanbe browsedat full resolution@:
https://croplandsdev.users.earthengine.app/view/cropkdedmternal



https://doi.org/10.3133/pp1868
https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/products/gfsad1kcdv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/
https://doi.org/10.5067/Community/LGRIP/LGRIP30.00

lI. Historical Contextand Background Information

The globalfood andwatersecurityscenarian the twenty-first centurywill be anextraordinarily
complexone.The populationof theworld will continueto balloonandreach9.7 billion by 2050
andnearly 11-12 billion by 2100 (UN DESA, 2021). In addition, global daily averagecalorie
consumptionis expectedo rise from 2789 kcal/person/dayn the year2000to 3130 kcal/per-
son/dayby theyear2050(World Bank,2022,Bodirskyetal.,2015,FAO 2012b). Theseconsump-
tion figuresmayriseevenhigherif traditionallylow meatconsumingnationsstartincreasingneat
consumptiorenabledby economicgrowth. Food habitsof peopleare diversifying considerably
(e.g.,rice,wheat or maizeonly to a mix of rice, wheat,maize,pulsesfruits, and vegetables)At
thesamdime, about30to 50%o0f thefood producedloballyis wasted UNEP,2021,IME, 2013).
Addedto all thesealreadydauntingneedsarethe food securitychallengedrom the COVID-19
pandemic,the RussiaUkraine conflict, and related supply-chain disruptions.COVID-19 lock-
downs and wars are heavily impacting food productionand trade mechanismdor all leading
croplandcountries Forexamplethe 10largestcountriesin termsof croplandareaasa percentage
of thetotal globalnetcroplandareaor GNCA (1.873Bha),in orderof ranking,were:India (179.8
Mha, 9.6%); United Stateq167.8Mha, 8.95%);China(165.2Mha, 8.82%);Russia(155.8Mha,
8.32%);Brazil (64 Mha, 3.42%);Ukraine(43.4Mha, 2.32%);Canadg42.9Mha, 2.29%);Argen-
tina (38.4Mha, 2.05%);Indonesig37.4Mha, 2.0%);andNigeria(35.7Mha, 1.91%)(Thenkabalil
etal., 2021).TheselO countrieshave50% (937 Mha) of the GNCA; four of them(India, United
States,China, and Russia)aloneencompas$70 Mha (36% of the GNCA) (Thenkabailet al.,
2021).Giventhattwenty-first centuryfood consumptions heavily dependenon the global sup-
ply-chainandall theseleadingglobal croplandcountriesareaffectedby thesedisruptions,many
expertshavealreadywarnedof the graveconsequencesf thesedistressingeventsandthe associ-
ateddisruptionsto food productiors andsupply-chairs (GlauberandLaborde,2022).The United
N a t i Foodarsl Agriculture Organizatiorhasnotedthe potentialgravedangerto global food
supply becawse of war and pandemicrelatedsupply-chainissues.Ukraine and Russiatogether
producenearly30 percentof thew o r ltrddédevheatwith 26 countriesgettingmorethanhalf of
their wheatfrom thesetwo countries(Bourne,2022).Most of the world dependsignificantly on
nitrogenandpotassiunfertilizersfrom RussiaUkraine,andBelarus(GlauberandLaborde 2022).
So,therecentwar in theregioncreatesadire situationfor globalfood securityandfor sustainable
food prices throughoutthe world. Further, abandonmenénd conversionof fertile agricultural
lands(UN DESA, 2021), migrationof rural to lessproductiveurban/perurbanagriculture(UN
DESA,2021) climatechangeelateddroughtg Teluguntlaetal., 2017, ThenkabaiandwWu, 2012),
the needto decreaseagri-food systemrelatedgreenhous@gasemissiongTubiello et al., 2021,
Bodenetal., 2017,Vermeulenet al., 2012),andthe ballooningglobal populationareall exacer-
batingfood insecurity.

Additionally, globalfood andwatersecuritychdlengesaretightly intertwined.In a changingcli-

mate,the quantityandquality of surfaceandgroundwateraredecreasingDemanddor agricul-
turalandalternativeuseqe.g.,industial, ecological)of wateraresimultaneouslyncreasingAdd-

ing to this complexity,urbanmigrationandclimate changerelatedprecipitationextremeseces-
sitatenew infrastructureto maintainwateravailability for new cropland.Thus,30m (field scale
wherel pixel = 0.09 hectareskroplandproducts including their intensiy andirrigation status,
areneededo monitorchangeandaid decisionmakingfor issuef globalfood andwatersecurity.



GFSAD will makesignificantcontributiongo theEarthSystemDataRecordESDRS, theGroup
on EarthObservation§GEOQ) AgricultureandWaterSocietaBeneficialAreas(GEO Ag. SBAS),
andthe GEOGlobal Agricultural Monitoring (GEOGLAM ). All datawill bereleasedhroughLP
DAAC, suchas,for examplepurrecentreleases

1. Globalcroplandextentproduct@ 30m(GCEP30)
https://lpdaac.usgs.gov/news/releas@fsad30-metercroplandextentproducts/

2. Globalcropdominanceproduct@ 1 km:
https://lpdaac.usgs.gov/products/gfsad1kcdv001/

3. Globalcroplandmaskproductat 1 km:
https://lpdaac.usgs.gov/products/gfsad1kcmv001/

All the abovestudiesandproductsindicateglobal agriculturalland andwaterin the 215 century
will bein a constantstateof flux (You and Sun,2022)requiringusto understandmodel,map,

andmonitorthesechangesver spaceandtime rapidly, routinely,andaccuratelyyearafteryear.

This challenganvariably callsfor very comprehensivglobalfood securitysupportanalysisdata
(GFSAD) productsatfine spatialresolutionrepresentindield-scale(30mor better)routinelyand

accuratelycoveringthe entire Earth. Hence,the overarching goal of this projectis to produce
GFSADmodelsmapsandmonitoringtoolsusingmachindearningalgorithms(MLAs) oncloud

computingplatformswith the ability to handlemulti-satellite, multi-sensoremotelysensedig-

datg leadingto acomprehensiveetof globalcroplandoroductsin thisregard we havedeveloped
andreleasedhew o r lhigh&sresolutionLandsatlerivedglobalcroplandextentproduct@ 30m

(GCEP30).This datawasreleasedbn N A S Athe Land Processe®istributed Active Archive

Center(LP DAAC) and comprehensivenethods,approachesand resultsare publishedin the

USGSprofessionapaper(Thenkabailetal., 2021)aswell asseriesof journal papery Gummaet

al., 2022,Zhangetal., 2022,Xing etal., 2022,Nagarajet al., 2021,Zohaibetal., 2019,Gumma
etal.,2019 Oliphantetal.,2019,Teluguntlaetal.,2018,2017,Xiong etal.,2017a2017b Massey
etal.,2017,2018,Phalkeetal., 2020,Congaltoretal., 2017,andYadavandCongalton 2018).

However,a comprehensivassessmeninodeling,mapping,andmonitoringof globalfood secu-
rity scenariaequiresmultiple croplandproductsandnot limited to croplandextents As aresult,
we areexpandingGFSAD projectby addingadditionalcroplandprodictsthatinclude:

1. LandsatderivedGlobalrainfed& irrigatedproduct@ 30m (LGRIP30).

2. LandsatderivedGlobal croppingintensityproduct@ 30m (LGCIP30).

3. LandsatderivedGlobalcroptype product@ 30m(LGCTY30).

This Algorithm Theoretical BasisDocument (ATBD) is focusedon Landsat-derived Global
rainfed & irrigated product @ 30m (LGRIP 30) (Table 1). In this ATBD documentwe will
provide detaileddescriptionof the data,methodsapproachesandresultsof the LPRIP product
for theyear2015(LGRIP30-2015).


https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/products/gfsad1kcdv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/

Table 1. LGRIP30. Global Food SecuritysupportAnalysisData(GFSAD) ProjectLandsatde-
rived GlobalRainfedandirrigated CroplandProduct@ 30-m (LGRIP30)of theWorld (GFSAD-
LGRIP30WORLD)for thenominalyear2015

Product Name Short Name Spatial Temporal
resolution coverage
Landsat-derived Global Rainfed and GFSADLGRIP30WORLD 30-m Nominal
Irrigated -Cropland Product @ 30-m 2015
(LGRIP30)

Note: Nominalheremeanghatthe Landsat8 16-daydatausedto producethe productis for two to threeyears(2014-
2016), butthe productis reportedasnominalyear2015.

lll. Rationale for Developmentof the Algorithms

Duringthegreenrevolutionera(~19562010)thew o r |papodlaionrosefrom 2.5billion to about
7 billion becauselobal food securitywasmainly ensuredhrougha combinationof factors:(a)
croplandexpansionfrom ~300 million hectarego ~1.8 billion hectareqPotape et al., 2022,
Thenkabailetal., 2021),(b) irrigation expansiorfrom ~50 million hectaredo ~400million hec-
tares(Siebertetal., 2015),(c) geneticengineeringhroughhighyield, fastgrowing,shortduration
crops(Lenaertsetal., 2019),(d) cropland intensificdion from singleto doubleor triple cropping,
in someirrigatedcroplands (Hu etal., 2020,Wu et al., 2018),(e) heavyinputssuchasfertilizer
andnitrogenapplication(He etal., 2021),and(f) improvementsn land managemenge.g.,level-
ing, drainage)Vianaetal., 2022).

Ensuringfood securityfor ~9.7billion peopleby theyear2050and~11billion peopleby theyear
2100sustainablywill requirea paradigmshift on how our land andwaterare usedfor food pro-
duction,referredto as the evergreerrevolution wherefood securityis sustainecandassuredn

the yearsaheadwithout significantdisruption(FAO, 2021a,b; UN DESA, 2021) Measurego

achievethisinclude: (1) increasedrop waterproductivity (morecrop perdrop; kg/m?) (Foley et
al., 2019, Rijsberman2014), (2) improved croplandproductivity (more crop per unit of land,;
kg/m?) (Hefferon,2016),and(3) adaptatiorto thechangingclimate(Mekonneretal., 2021, Tripa-
thi et al., 2016, Gartlandand Gartland,2016). Climate changeadaptationsnclude: (i) Climate
SmartAgriculture (FAO, 2021a, Campbelletal., 2014),(ii) extremeweatheragriculture(Wheeler
andLobley, 2021, Gbegbelegbet al., 2014), (iii) droughttolerantagriculture(Enenkelet al.,

2015),(4) advancingurbanandperturbanagriculture(BadamiandRamankutty2015, Thebo,et
al., 2014, (5) avoidingallocationof fertile croplandareado biofuelsor urbanizationvanViliet et
al., 2017, Tripathi et al., 2016),(6) balancingfood cropswith dairy, meat,and fish (Forsterand
Radulovich2015),(7) exploringnewsource®f food (ForsterandRadulovich2015),(8) reducing
food waste(FAO, 2021a,Girotto et al, 2015),(9) creatingfood banksduringgoodyears(Fusset
al., 2015,Fanzo02015,Wilkinson 2015, (10) maintainingrich biodiversity (Sukara2014),(11)
planningvirtual croplandgWurtenbergeetal.,2006)andvirtual wateruse(Hanasaketal.,2010),
(12) precisionfarming, (13) accurateandcroplandmappingfor bettercropmanagemenfThenka-
bai etal.,2021,Teluguntlaetal.,2017,2015;Xiong etal., 2017), (14) usinggeospatiatechnol-
ogiesfor improvedplanning(Potapowetal., 2022 Platonowetal.,2008,Biradaretal., 2009),(15)
increasingglobalcroplanduseintensitythroughbetterallocationof nitrogen(N), otherfertilizers,
andirrigation (Hu etal., 2020,Niedertscheideetal., 2016,0degarcandvanderVoet2014),(16)
increasingcroplanduseintensity (Gummaet al., 2016),and(17) adaptingto low or zerocarbon
agricultureby measuresuchasincreasingno-till croplandareagPuigduetaetal., 2021).



I\VV. Importance of mapping global irrigated and rainfed areas

Importanceof mappingirrigatedandrainfedcroplandscannotbe overemphasizedrirst, bothir-
rigatedandrainfedareasarewaterguzzlerssinceabout80-90% of all humanwaterusegoesto-
wardsproducingfood. Irrigated areasconsumeblue water. Thatis the water deliveredto farms
throughirrigation systemsitherfrom surfacewater(e.g.,lakes reservoirstanks river diversions)
or groundwaterresourcege.g.,tubewells, openwells). Rainfedareasconsumegreenwater.That
is watercomingfrom directprecipitation(e.g.,rainfall, snowfall, soil moisture).Of the 1.873bil-
lion hectaresof global croplands(Thenkabailet al., 2021),roughly 75% is rainfed and 25% is
irrigated(Siebertetal., 2013 Thenkabaiktal.,2012,2011,200%, Biradaretal.,2009,Teluguntla
etal., 2015 Portmannret al.,2010. Second accurateestimatesof irrigatedandrainfedareasare
lackingbecaus®f lack of finer resolutionmappingat globallevel. Giventhatcroplandsconsume
overwhelmingproportionof humanwateruse,anaccurateestimateof cropwaterusewill require
accurae estimateof irrigatedandrainfedcroplands.Third, the productivity of irrigatedareass
anywherebetweerR-5 timeshigherthanrainfedcroplandsAs aresult,25%globalirrigatedareas
producenearly40% of the food andthe rest75% of the rainfedcroplandsproduceghe rest60%
of thefood. So,increasingrrigatedareass onesolutionto increasingglobal food productionfor
the ballooningpopulationsNeverthelesst is a complexissueof balancingcrop wateruse,food
production,andsustainale productionsystemsFourth,understandingmnapping,modeling,and
monitoringirrigated andrainfed areasseparatelys of greatimportanceto assessingrop water
productivity, crop productivity, cropwateruse,andin strategizingfood andwatersecurty in the
twenty first century.Rainfedcroplandsmeetabout60% of the food andnutritional needsof the
Wo r | pdpailationandarebackbonefthemarginalor subsistencéarmers.Theyareincreasingly
seenasbetteralternativeto irrigatedagriculturebecausef its environmentafriendlinessandsus-
tainability over long periodsof time (Biradaret al., 2009) Given that thereis large swatchof
equippedareasof rainfedcroplandghathavecroplow productivity,opportunitieo increasdood
production in thesecroplandsy utilizing moderntechnologie®f geneticengineeringlow water
consumingcrops,and shortercrop growing seasongvenby a small marginwill leadto large
guantitiesof food.

In postsecondNorld War eraandsubsequerde-colonization,therewasgreatthrustis irrigation
infrastructuredevelopmenthroughoutthe world, but specificallyin Asia. Globally, theirrigated
landscapeemainsvery dynamic.Althoughthe annualrateof increaseof irrigatedareashas
slowedto aboutl %, this still representanincreaseof betweer2 and3 million hectaregach
year.Thereis asmallercorresponding@nnuallossof irrigatedareato salinity andwaterlogging
aswell asabandonmemf uneconomigrojects. CountriessuchasChinaandindia continueto
build largemulti-purposedamprojectsthatalsosupplywaterfor irrigation. In subSahararAf-
ricairrigationis perenniallyseenashavingunfulfilled potential.Elsewheren theworld thereare
moratoriaon dambuilding andeventhe decommisioningof damsin thewesternUSA. In map-
ping rainfedandirrigatedareaswe asksomekey questionsthatinclude

1. How muchirrigation or rainfedcroplandareasio we havenow?

2. How muchdo we needin the futureto meetfood andnutritional securityof growing pop-
ulation®

3. How do we achievethe abovethroughsustainablelevelopmentaind by preservingenvi-
ronmentandclimatebalanc@

4. How muchbluewaterandgreenwaterdoesit require,andwill thisbeavailable especially

in ascenarioof alternativewaterdemand?
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5. How doesthe scenaricchangen demographichangesvheremuchof theworld will be
urbanizedandmassivenumbersof rural populationwill moveoutof agriculture?

1. Producing a coarseresolution nominal 1-km irrigated and rainfed cropland prod-
uct of the world asa maskfor the higher resolution products

Currently thehighestresolutionirrigatedandrainfedcroplandproductsderivedfrom remotesens-
ing areat nominal1-km spatialresolution(Figure 1) derivedby fusing severalexistingproducts
anddiscussedn detailby (Teluguntlaetal.,2016,2015 Table2). Many existingproductgTable
2) werecarefullyanalyzedTeluguntlaetal.,2016,2015)anda synthesisnapwas producedFig-
urel). Thisledto adisaggregatetive classglobal croplandextentmapderivedat nominall-km
(Figurel, Table2) derivedprimarily basednfour majorstudiesThenkabaiktal. (2009, 2011),
Pittmanetal. (2010),Yu etal. (2013),ard Friedl etal. (2010).TheseproductsuseSPOTVegeta-
tion, AVHRR, andseverabtherancillarydataasdescribedn thosepublications Classl to Class
5 (Figurel) arecroplandclassesthataredominatedy irrigatedandrainfedagriculture However,
class4 andClass5 haveONLY minor or very minor fractionsof croplandsReferto Table3 for
croplandstatisticsof thismap.Theclass1l i | r r ingaajt (Figpnel, Table3) areirrigatedby
largereservoircreatedoy largeandmediumdams barragesandevenlargegroundwaterpump-
ing. Theclass2fi | r r ingi ant Figre 1, Table3) areareadrrigatedby smallreservoirsjrri-
gationtanks,openwells, and otha minor irrigation. However,it is very hardto draw a strict
boundarybetweenmajor and minor irrigation andin placestherecanbe significantmixing. So,
whenmajorirrigatedareassuchasthe Gangesasin,Ca | i f centralvadley,Nile basinetc.
are clearlydistinguishablesmajorirrigation, in otherareagmajorandminorirrigation mayinter-
mix. Table3 providesthe proportionof areagcountedas1-km pixels)occupiedby eachof these
classesA detaileddescriptionon howthis fusionproductof irrigatedandrainfedatnominall km
resolution(e.g.,Figure1) wasproduceds presentedn Teluguntlaetal. (2016)andhencew o n 6 t
be repeatedhere. This cropland mask product was also releasedon N A S A BFs DAAC:
https://lpdaac.usgs.gov/products/gfsad1kcmv001/

Theb5-classFigurel s finally aggregatedhto 2-classirrigatedandrainfedmap(Figure2). Figure
2 providesthe global rainfed and irrigatedareaproduct @ 1000m (GRIP1000Q derivedusing
SPOTvegetation AVHRR, andancillary data(Teluguntlaet al., 2016, Thenkabailet al., 2012,
2011).GRIP1000formsa preliminarymasklayerfor productionof finer resolutionirrigatedand
rainfedcroplandproducts.Thiswe do by:

First, staring with GRIP1000(Figurel, 2; Teluguntla2016,2019 to produceMODIS 250m
time-seriesdataderivedglobal irrigatedandrainfedcroplandproductof theworld (MGRIP250;
Figure3, 4,5, 6, 7).

Secondstaring with MGRIP250(Figure3, 5, 7) to producelLandsat30mtime-seriesdatade-
rived globalirrigatedandrainfedcroplandproductof theworld (LGRIP30).The LGRIP30is the
productthatwill be producedduringthiswork.

CoarseresolutionproductsGRIPL000(Figurel, 2) and MGRIP250(Figure3, 5, 7) areinvaluable
baselinestartingpoint productsin ultimatelyderivingLGRIP3Q To re-iterate,thefinal goalis to
produceLGRIP30.But we do that by first startingwith GRIP1000,followed by producingan
interim MGRIP250andfinally producingLGRIP30.
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Table 2. Stateof-the art global croplandmappingusingsatelliteremotesensing

Sno

Name' Institution”™  Sensors” Resolution, Nominal ~ Time, Nominal Classes Reference

(meters) (year)

A. Global cropland products

1 GCEP30 USGS Landsat 7 & 8 30 2021 Croplands Thenkaball et al. (2021)

2 uUCL UCDL Multiple 250 2010 Croplands, irrigated, rainfed ~ Waldner et al. (2016)

3 MODIS Cropland SDSU & UMD MODIS 250 2000 Croplands Pitman et al. (2010)

4 GRIPC BU MODIS 500 2005 Croplands, irrigated, rainfed ~ Salmon et al. (2015)

5 GFSADCD1KM USGS AVHRR 1000 2010 Crop dominance, irrigated, rainf@ienkabail et al. (2012)

6 GFSADCM1KM USGS AVHRR, MODIS, Landsat 1000 2010 Croplands, irrigated, rainfed  Teluguntla et al. (2015)

7 GIAM IWMI AVHRR, SPOT VEG 1000-10,000 2000 Croplands, irrigated Thenkabail et al. (2009)

8 GMRCA IWMI AVHRR, SPOT VEG 1000-10,000 2000 Croplands, rainfed Biradar et al. (2009)

9 MIRCA2000 UB 10,000 2000 Croplands. irrigated Portman, Seibert & Doll (2009)
10 SAGE-Crop uw 100,000 2000 Croplands, crop dominance ~ Monfreda, Ramankutty & Foley (2008)
11 SAGE-Agri uw 100,000 2000 Croplands, crop dominance ~ Ramankutty et al.(2008)

B. Global LULC products in which cropland classes exist

12 WorldCoverl0V2 ESA Sentnel-2 10 2021 LULC Zanaga et al. (2022)

13 WorldCover10V1 ESA Sentnel-2 10 2020 LULC Zanaga et al. (2021), Karra et al. (202
14 Globeland30 NGCC Landsat 7 30 2010 LULC Chen et al. (2015)

15 FROM-GLC CAS Landsat 7 30 2000 Croplands Yu et al. (2013)

16 FROMGC CESS Landsat 7 30 Circa 2010 LULC Gong et al. (2013)

17 CGLS-LC100 Copernicus PROBA-V 100 2015 LULC Buchhorn et al.(2020)

18  MODIS-JRC JRC/MARS  MODIS, Landsat 250 2009 LULC Vancutsem et al. (2012)

19 Globcover ESA MERIS 300 2005, 2009 LULC Defourny et al. (2009)

20 MCD12Q1 NASA MODIS 500 2004 - now LULC Leroux et al. (2014)

21 GLC BU MODIS 500 LULC Friedal et al. (2010)

22 DISCover USGS AVHRR 1000 1992-93 LULC Loveland et al.(2000)

23 LULC 2000 USGS AVHRR 2000 2000 LULC Soulard et al. (2014)

24 GLC 2000 JRC SPOT 1/112° 2000 LULC Fritz et al. (2010)

Note:

* =

*k —

Hkk —

GCEP30= Global cropland extent product@30m; UCL = Unified Cropland Layer; GFSADCM1KM= Global Food Security-Support Analysis Data Cropland Mask @ 1-km;
GRIPC= Global Rainfed, Irrigated, and Paddy Croplands;GFSADCD1KM= Global Food Security-Support Analysis Data Crop Dominance @ 1-km;

MIRCA2000= Global monthly irrigated and rainfed crop areas around the year 2000; GIAM- Global Irrigated Area Map; GMRCA= Global Map of Rainfed Cropland Areas;
SAGE-= Center for Sustainabilty and the Global Environment;LULC = land use and land cover: MCD12Q1= MODIS Land Cover Type product;

FROM-GLC = Fine Resolution Observation and Monitoring of Global Land Cover;FROMGC = Finer Resolution Observation and Monitoring of Global Land Cover

CGLS= Copernicus Global Land Cover Layers; MODIS-JRC = MODIS Joint Research center; GLC = Global Land Cover.

UCDL = Université Catholique de Louvain, Belgium; USGS = United States Geological Survey; BU = Boston University SDSU = South Dakota State University.

UMD = University of Maryland; UB = University of Bonn; IWMI= International Water Management Institute; UW = University of Wisconsin.

NGCC = National Geomatics Center of China; NASA = National Aeronautics and Space Administration; CAS = Chinese Academy of Sciences.

MARS = Monitoring Agricultural Resources; ESA = The European Space Agency.

AVHRR = Advanced Very High Resolution radiometer; MODIS = Moderate Resolutior
MERIS = Medium-Spectral Resolution, Imaging Spectrometer; Proba-V sensor is a European follow-on to the SPOT VGT mission
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Figure 1. GRIP1000-5classmap. A 5-classSPOTFVegetationAVHRR, andotherancillarydata
derivedglobalrainfedandirrigatedareaproduct@ 1000m(GRIPL000 developedisingmultiple-
satellitesensortime-seriesdataand ancillary dataasreportedin Teluguntlaet al. (2016,2015).

Theproportionof pixelsdistributedfor eachclassin Shownin Table3.

Table 3. GRIP1000-5classesand areas.Croplandareadistributionof 5-classglobalrainfedand
irrigatedareaproduct@ 1000m(GRIP1000 (Teluguntlaetal., 2016,2015)shownin Figurel.

Class# | Class Description Pixels Percent
# Names 1 km %
1 1.Croplands, irrigation major 3091988 13
2 2.Croplands, irrigation minor 4810869 21
3 3.Croplands, rainfed 11733044 50
4 4.Croplands, rainfed minor fragments 3858035 16
5 5.Croplands, rainfed very minor fragments 13700176

Class 1 to 4 total 23493936/ 100.0%
1= approximately2.3 billion hectaregclass 1 to 4 ) ofroplandis estimatedBut this is full pixel
area. Actual area is = sytixel area (SPA). The SPA is not estimated here. See Thenkabalil
(2007b) for the methods for calculating SPAs.
2= % alculated based on Class 1 to 4
3= Classb is very minorcropland fagments
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Figure 2. GRIP1000-2classmap. An aggregate@-classSPOTVegetation AVHRR andotherancillary dataderivedglobal rainfed
andirrigatedareaproduct@ 1000m(GRIP1000)developedisingmultiple-satellitesensotime-serieddataandancillarydataasreported
in Teluguntlaetal. (2016,2015).This mapis derivedby aggregatinghe 5-classmapshownin Figurel. Basedon the pixel proportion,
27%of the pixelsareunderirrigatedareasandtherest73%areunderrainfedareas.
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2. Producing a coarseresolution nominal 250-m irrigated and rainfed cropland prod-
uct of the world asa maskfor the higher resolution products

Using the 1-km (1 pixel = 100 hectares)global rainfed and irrigated-areaproduct(GRIP1000;
Figurel, 2; Teluguntlaetal., 2016,2015 Thenkabailetal.,2012,2011,Biradaretal., 2009, we
developedhe next higherlevel product. This next higherlevel productis called the Moderate
ResolutionimagingSpectroradiometgiMODIS) time-seriesdata derivedglobal rainfedandirri-

gatedareaproductat 250m (1 pixel = 6.25hectarespr MGRIP25Q Thesetwo interim producs
that further led to a Landsatsatellitederived30 m (1 pixel = 0.09 hectaresylobal rainfedand
irrigatedareaproductat 30m (LGRIP30).We will fist discussthe MGRIP250thatwill leadto

LGRIP30.

At 250mtwo globalcroplandproductsvereproducedusingmethodsandapproachediscussedn
Teluguntlaetal. (2016,2015, andThenkabaiktal. (2012,2011,2010,200%, 2007, 2005. These
productsare:

1. MODIS-derivedl1-classglobalirrigatedareaproduct@ 250m(MGIP250-11 class Fig-
ure 3) developedusing MODIS 250mtime-seriesdatafor the nominalyear2015.The
signatureof thesell classesareshownin Figure4.

2. MODIS-derived13-classglobal rainfedareaproduct@ 250m(MGRP250-13 class;Fig-
ure5) developedisingMODIS 250mtime-seriesdatafor thenominalyear201 Thesig-
natureof thesel3 classesreshownin Figure6. and

3. The abovetwo productsweremergedto producean aggregate@-classMODIS-derived
250mglobalrainfedandirrigatedareaproduct(MGRIP2502 clasg (Figure7).

TheMGIP250-11 classirrigatedareaproduct(Figure 3, 4) has

1. Fourirrigatedsinglecroplandclasse®f differenttypes.

2. Fourirrigateddoublecroplandclasse®f differenttypes.

3. Two continuousrrigatedcroplandclasse®f differenttypes;and
4. Onefallow irrigatedcroplandclass.

The MGRP250-13 classrainfedareaproduct(Figure5, 6) has
1. Eightrainfedsinglecroplandclasse®f differenttypes.
2. Threerainfeddoublecroplandclasse®f differenttypes.
3. Onecontinuougainfedcroplandclass;and
4. Onefallow rainfedcroplandclass.

Eachof theseclasseshowwheregeographicallyheyoccur(Figure3, 5) andwhattheir pheno-
logical signaturegiuringa calendaryear(Figure4, 6).

TheMGIP25011 classirrigatedproductandthe MGRP25013 rainfedclassproductwereaggre-
gatedto producea simplified 2-calsscompositeMGRIP2502 classrainfedandirrigatedof the
world (Figure7). This MGRIP250(Figure?7) will form steppingstonebaselingoroductfor
higherlevel LandsatderivedGlobal Rainfedandlrrigated CroplandProduct@ 30-m
(LGRIP30)of theWorld (GFSADLGRIP30WORLD) We will discusghis LRIP30productof
theworld (GFSADLGRIP30WORLDY}horoughlyin this publication.
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Figure 3. MGIP250-11 classirrigated area product (seesignaturesof theseclassesn Figure 4). A MODIS-derivedGlobal irri-
gatedareaproduct@ 250mwith 11 classesMGIP250-11clas$ developedisingMODIS 250mtime-seriesdatafor the nominalyear
2015. The ModerateResolutionimaging SpectroradiometgiMODIS) normalizeddifferencevegetaion index (NDVI) signaturesof
thesell-classesareshownin Figure4.
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Figure 4. MGIP250-11 classirrigated areaproduct signatures(for map of thesell classes
seeFigure 3). Meantime-seriesModerateResolutionimagingSpectroradiometgMODIS) nor-
malizeddifferencevegetatiorindex (NDVI) signature®f the11-classe®f globalirrigatedarea
product@ 250m(MGIP25011 clasy mapshownin Figure3.
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Figure 5. MGRP250 13 classrainfed area product (for signaturesof thesel3 classesseeFigure 6). A MODIS-derived13-class
Global rainfedareaproduct@ 250m (MGRP250) developedusing MODIS 250mtime-seriesdatafor the nominalyear2015. The
ModerateResolutionmagingSpectroradiometdMODIS) normalizeddifferencevegetatiorindex(NDVI) signature®f thesel3-clas-

sesareshownin Figure®6.
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